PCX 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 

Intematknal Bureau 



INTCRNA-nONAL APPUCATION PUBLISHED UNDER THE PATCOT COOP ERATION TOEATY (PCQ 

(11) IntcrnatlonBl PubUcatloii Number: WO 96/14344 

(43) faternationia PubUcatkm Date: 17 May 1996 (17i)S.96) 



(51) internatkmal Patent Classiacatlon 6 : 
C08F 8/14, 8/32 



Al 



(21) InteniatliHial Ai^Ucation Number: 

(22) Inteniational FOiiig Date: 



Prr/GB95/02433 (81) Deslgiiated States: AU. BR, CA. JP, KR. US, Eu^JPcan patoit 
PCT/GB95/02433 | t«) ueo^ ^ ^ ^ ^3 ^ ^ ^U. MC. 

16 October 1995 (16.10.95) I PT, SE). 



(30) Priority Data: 

9422093.6 



Published 

2 November 1994 (02.1 1.94) GB I Wish imemational search report. 



(71) Applicant (fi>r aU designated States except US): ZH^A 
UMTTED [GB/GBl; 15 Stanhope C5atc. London WIY 6LN 

(GB). 
r72) Inventors; and 

(75) Inventars/AppUcants (for US only): GOUGH. Paul [GB/GB]; 
8 Cheviots Road, High Ciompton, Shaw, Lancashire OL2 
7QA (GB). SCHOFIELD. John. David [GB/GB]; Old Oak 
House, 482 Holcombe Road, (jreenmount. Bury BL8 4HB 
(GB), 

(74) Agents: FAWKES. David. MeWiUe; Intellectual Property 
Group. Zencca Specialties. P.O. Box 42. Hexagon House. 
Blacldey. Manchester M9 8ZS (GB) et al. 



(54) -ntte: RHEOLOGY MODIFIER FOR SOLVENT-BASED COATINGS 
(57) Abstract 

of the -COOH groups arc csterificd with a C4-i2-alcohoL 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing intMnational 
applications under the PCT. 



AT 


Austria 


GB 


United KiDgdoin 


AU 


Amtnlia 


GE 


Geoiiia 


BB 
BE 


BariMdoa 


GN 


Guinea 


Bdgiam 


GR 


Greece 


BF 


Burkina Fno 


HU 


Hungaiy 


BG 


Biilsuia 


(£ 




B) 


Bemn 


IT 


baty 


BR 


BnzO 


JP 


Jifan 


BY 


Bcbni* 


KE 


Kenya 


CA 


Ctnadi 


KG 


Kyisystan 


CF 




KP 


DefMcntic Ftoaple't Republic 


CG 


Congo 




of Kocca 


CH 


Switzcrind 


KR 


Repid>lic ofKorea 


a 


Cted'lvoiR 


KZ 




CM 


Canwvooo 


U 


Uedaeittieia 


CN 


Chilli 


LK 


SriLaito 


CS 


Czechosbvilua 


tu 


LuKcrobourg 


cz 


Ciedi Rqwblic 


LV 


Utvia 


DE 


GcfnuBy 
Dcmnaik 


MC 


Monaco 


DK 


MD 


RepnMk of Moldova 


ES 


Spdn 


MG 




n 


t%llMd 


ML 


MaU 


FR 


FVwcc 


MN 


Mongolia 


GA 


Giboa 







MR 


Maitriiania 


MW 


Ma)a«ri 


NB 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Polaod 


PT 


Portugal 


RO 


Romania 


RU 


Russian f^edentioB 


SD 


Sudan 


SE 


Sweden 


SI 


Skmnia 


SK 


Sknrskia 


SN 


Senegal 


TD 


Chad 


TC 


Togo 


TJ 


Tajitistan 


TT 


Ttioidad and Tobago 


UA 


Uknine 


US 


United Slates of America 


uz 


Uriiekistan 


VN 


Vict Nam 



wo 96/14344 



1 



PCT/GB95/02433 



The present invention relates to solvent-soluble polymers, their 
preparation and their use as a rheology modifier (hereinafter RM) in non-aqueous 

pigment formulations. 

Pigment formulations especially heat-treated paints for use in the coating 

5 industry having lower Volatile Organic Compound (VOC) content (e.g. reduced organic 
solvent) have become more popular. Such forniuladons have a high solids and lower 
solvent content and in order to maintain acceptable viscosity during application rt .s 
nomial to use lower MW resins as film-fom,ing binders in the formulation. However, 
because of the lower solvent content of these fomiulations. the viscosity increase 

10 associated with evaporation of the soh/ent on drying is less than that of conventional 
fomiulations which contain high MW resins and more solvent. This lower increase in 
viscosrty results in a tendency of the coating to sag especially when applied to a vertical 

or near-vertical surface. 

GB 2.269.178 discloses water-soluble amphiphilic polymers derived from 

15 polyacrylic acid which contain up to 20% molar ratio of acrylamide residues for use as 

thickeners in aqueous saline media. 

it has now been found that a novel class of esters and amides of 
polyacrylic acid containing at least 30% molar ratio of amide and/or ester residues can 
be incorporated into pigment formulations as a RM and that they reduce the propensity 
20 of the coating to sag without impairing the film fonning characteristics of the coating or 
causing an unacceptable increase in viscosity of the formulation at high shear. These 
esters and amides also act as stabilisers and reduce the tendency of any particulate 
solid dispersed in the fomiulation to sediment or layer, especially on storage. 

According to the invention there is provided a polymer which is a 
25 polyacrylic acid or a poly(C„-alkyl) acrylic acid wherein at least 30% of the -COOH 
groups are converted to -COY groups (hereinafter the "Polymer"); 
wherein 

Y is -OR^ or -NR^^ 
r' is C4.iB-alkyl cydoalkyi; and 
30 R^ and R^ is each, independently, hydrogen, alkyi or cycloalkyi; or 

R^ and R' tog ther with th nitrogen atom to which they ar attached form a nng 
provid d that the total numb r of carbon atoms repr s nted by R^ and R' « from 4 to 
18. 
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Preferably, the total numljer of carbon atoms in or in R^ combined with 
R^ is not greater than 14. more preferably not greater than 12 and especially not greater 
than 10. It is also preferred that the total number of carbon atoms in R' or in R^ 

combined wirith R' is at least 6. 

Where R\ R^ or R' is alkyl. it can be linear or branched but it is 

preferably linear. Examples are n-hexyl. iso-hexyl. n-octyl. 2-ethylhexyl. 3.7- 
dimethyloctyl. n-nonyl. n-decyl. n-dodecyl. n-tetradecyl. n-hexadecyl and n-octadeqrL 

Since some alcohols of fonnula R^-OH and amines of fomnula NHR'R' 
which are used to make the Polymer are available commercially as mixed isomers or 
contain mixed alkyl chains, it is to be understood that each of R\ R^ and may 
represent a mixture of different alkyl groups. 

When R\ R* or R' is cycloalkyl. it preferably contains up to 6 carbon 

atoms and is especially cyclohexyl. 

When R* and R' together with the nitrogen atom to which they are 
attached to form a ring it is preferably 6-membered. Examples are morpholino, 
piperidino, piperazino. and N-alkylpiperazino. 

It is also preferred that Y is -OR . 

According to one aspect of the invention there is provided a polymer of 



formula 1 



■CH- 



■CH 



COY 



n 



wherein 



each, independently, of the n groups represented by R is H or C,^-alkyl; 
each, independently, of the n groups represented by Y is H. -OR' or - 



NR^^ and 



35 



n is from 200 to 25,000; 

provided that the percentage of groups in wrhich Y is other than H is 
greater than 30% of the total number of groups represented by Y. 

The diff rent monom r units having the sid chains -COOH, 
-COOR' and -CONR^' may be randomly spaced along th polymer backbone or they 
may be present as blocks of the same monomer. 



I 
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Pref rably. th percentage of the groups in which Y is oth r than H is at 
teast 35% more preferably at least 40% and especially at least 50% of the total number 
of groups represented by Y. H is also preferred that the percentage of groups .n which 
Y is other than H is less than 95%. preferably less 90%. more preferably less than 80% 
5 and especially less than 70% of the total number of groups represented by Y. 

Preferably, n is greater than 250. more preferably greater than 500 and 
especially greater than 800. It is also preferred that n is less than 20.000. more 
preferably less than 5.000 and especially less than 2.000. Useful pohrmers have been 

obtained where n is about 1 .000. 
10 When R is C,^-alkyl. it is preferably methyl. It is also preferred that R .s 

Good results have been obtained when either R^ is n-octyl or where R^ is 

H and R' is n-octyl. 

The Polymer may be prepared by any method known to the art. For 

1 5 convenience, the Polymer is hereinafter referred to as derived from acrylic acid but it is 
to be understood as including those derived from 2-(C„-alkyl) acrylic acid such as 
methacrylic acid. Thus, it may be made by copolymerisation of acrylic acid or an 
oligomer with an acrylamkle or an oligomer, an acrylic acid ester or an oligomer or a 
mixture of the acrylamide and ester or oligomer thereof. The resultant polymer .s a 

20 random or block copobrmer containing specffic oligomeric units of acrylic aad. acrylate 

and/or acrylamide. 

It is preferred, however, to make the Polymer by reacting polyacryhc acid 

With the appropriate alcohol R'-OH or the amine NHR^^ or a mixture thereof wherein 
R' r2 and R' are as defined hereinbefore. Polymer which is made by condensing an 
25 amine and/or alcohol with polyacrylic acid contains a more random distribution of ester 
and/or amide groups than Polymer made by the above co-polymerisation process. 
Thus for example the Polymer is obtainable by reacting polyacnrlic acid, preferably m 
aqueous solution, wrth the amine and/or alcohol in a reaction vessel equipped with a 
Dean and Stark Water Separator. The reaction Is preferably carried out in an inert 
30 atmosphere such as under a blanket of nitrogen. The reactants are first heated at a^ 

temperature above lOO'C to remove the water and then heated preferably above 120 C. 
more preferably abov ^A0'O and especially above IBOX. In order to prevent charring, 
the temperature Is preferably less than 250-C. mor pref rably less than 210-C and 
especially I ss than 190-C. Th condensation of the polyacrylic acid wrth the alcohol is 
35 facilrtated by incorporating a catalyst such as sulphuric acid, methane sulphonic aad. p- 
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toluen sulphonic acid, zirconium naphthenate. zinc acetate, stannous octoat or a tetra- 
alkyl titanate, espedally tetra-butyl titanate. The reactants are stired together in the 
presence of the catalyst until condensation is complete. Typically, the reaction does not 
require more than 10 hrs when the temperature is between 160 and 190*C. After 
5 cooling, the Polymer is obtained as a glass or waxy solid which readily dissolves in 
organic solvents. 

The polyacrylic acid has an MW which is preferably greater than 18,000. 
more preferably greater than 36.000 and especially greater than 57.600. It is also 
preferred that the MW of the polyacrylic acid is less than 1440.000. preferably less than 
10 360.000 and especially less than 144.000. Useful Polymers have been obtained from 
polyacrylic acid with a MW of about 75.000. 

As disclosed hereinbefore the Polymer is useful as an RM and can be 
included in non-aqueous pigment formulations to reduce sag when the fomnulation is 
applied to vertical and near-vertical surfaces. Thus, it can be incorporated into non- 
15 aqueous media which contain a particulate solid dispersed therein. 

According to a further aspect of the invention there is provided a 
formulation comprising the Polymer, a resin, a particulate solid and a non-aqueous 
medium. 

The resin may be any resin which is suitable for use as a film-forming 
20 binder in the coating industry and Is typically a themriosetting resin comprising a cross- 
linkable resin and a cross-linking agent. Examples of cross-linkable resins are oil-free 
and saturated polyesters, thermosetting acrylics, vinyl acrylics, alkyd, particularly non- 
drying alkyd. epoxide and modified epoxide, silicone-based resins, epoxy. urethane and 
diacrylates such as tripropylene glycokJiacrylate. 
25 The cross-linking agent preferably contains basic groups. Examples of 

such cross-linking agents are urea-formaldehyde, melamine-formaldehyde. 
alkoxymethylmelamines such as hexamethoxymethylmelamine and urea, glycoluril and 
benzoguanamine based resins as described, for example, on page 105 of European 
Resin Directory 1993. published by European Resin Manufacturers Association. Other 
30 suitable cross-linking agents containing basic groups are polyamide and 

polyamidoamine type resins as disclosed in Table 124 of the above reference. 

The particulate solid may be any material which it is desired to stabilised 
in an organic medium in a finely divid d state and is especially a pigm nt. xt nd r or 
filler. A pref rred solid is a pigm nt specially thos describ d in th Third Edition of 
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the colour Index (1971) and subsequent revisions of. and suppi m nts thereto, und r 

the chapter headed Tigrrmnts". 

Examples of inorganic pigments are titanium dioxide, zinc oxide. Prussian 
blue cadmium sulphide, iron oxides, vennilion. ultramarine and the chrome pigments, 
including chromates. molybdates and the mixed chromates and sulphates of lead. z.nc. 
barium, calcium and mixtures and modffications thereof which are commercially 
available as greenish-yellow to red pigments under the names primrose, lemon, middle. 

orange, scarlet and red chromes. 

Examples of organic pigments are those from the azo. disazo. condensed 
azo thioindigo. indanthrone. anthanthrone. anthraquinone. isodibenzanthrone. 
triphendioxazine. quinacridone and phthalocyanine series, especially copper and nickel 
phthalocyanines and their halogenated derivatives and also lakes of acid, basic and 
mordant dyes. Carbon black also behaves like an organic pigment in its dispersing 

properties although strictly an inorganic solid. 

Preferred organic pigments are phthalocyanines. especially copper 
phthalocyanines. monoazos. disazos. indanthrones. anthanthrones. quinacridones and 
carbon blacks. 

A preferred inorganic pigment is titanium dioxide. 

Examples of extenders and fillers are talc, kaolin, silica, barytas and 

chalk. 

The non-aqueous medium is preferably a liquid organic medium which 

may be polar or non-polar. 

By the temi "polar in relation to the organic medium is meant an organic 
liquid capabte of footing moderate to strong bonds as described in the article entitled "A 
three Dimensional Approach to Solubility" by Crowley et al in Journal of Paint 
Technology. Vol.38. 1966, at page 269. Such organic liquids generally have a hydrogen 
bqnding number of 5 or more as defined in the above-mentioned article. 

AS examples of such polar organic liquWs there may be mentioned, 
amines, ethers, especially lower alkyl ethers, organic acids, esters, ketones, glycols, 
alcohols and amides. Numerous specific examples of such moderately and strongly 
hydrogen bonding liquids are given in the book entiUed "Compatibilrty and Solubilrty by 
Ibert Mellan (published in 1968 by Noyes Development Corporation) in table 2.14 on 
pag s 39 and 40 and these liquids all fall wrthin the scop of th tem, polar organic 
liquid as used in this specification. 
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Preferred polar organic liquids are dialkyi ketones, alltyl esters of alkane 
carboxylic acWs and alkanols. especially such liquWs containing up to. and including, a 
total of 6 carbon atoms. As examples of the preferred and especially preferred liquids 
there may be mentioned dialkyi and cycloalkyi ketones, such as acetone, 
methylethylketone. di-ethylketone. di-iso-propylketone. methyWso-butyl-ketone. di-iso- 
butylketone. methyHso-amylketone. nf»ethyl-n-amyl-ketone and cyclohexanone; alkyi 
esters such as methyl acetate, ethyl acetate, isopropyl acetate, butyl acetate, ethyl 
fonnate. methyl propionate and ethyl butyrate. glycols and glycol esters and ethers, such 
as ethylene glycol. 2-ethoxyethanol. 3-methoxypropylpropanol. 3-ethoxypropylpropanol. 
2-butoxyethyl acetate. S-methoxypropyl acetate. 3-ethoxypropyl acetate and 2- 
ethoxyethyl acetate, alkanols such as methanol, ethanol. Q-propanol. isopropanol. n- 
butanol and isobutanol and diakyi and cyclic ethers such as diethylether and 
tetrahydrofuran. 

The substantially non-polar, organic Ikiuids which may be used, either 
alone or in admixture with the aforementioned polar liquids, are aromatic hydrocarbons, 
such as toluene and xylene, and halogenated aliphatic and aromatic hydrocarbons, such 
as trichloro-ethylene. perchloroethylene and chlorobenzene. However, aliphatic 
hydrocarbons, such as petroleum fractions and white spirit are preferably only employed 
in admixture with the above-mentioned polar liquids and the proportion of an aliphatic 
20 hydrocarbon should preferably not exceed a level which reduces the ability of the 

mixture to completely dissolve the resins generally employed in end use formulations, 
such as paints. 

The organic liquid is preferably a polar organic solvent or a substantially 
non-polar aromatic hydrocarbon or halogenated hydrocarbon. 

The amount of the non-aqueous medium in the fomiulation is preferably 
less than 50%, more preferably less than 40% and especially less than 25% by weight 
based on the combined weight of non-aqueous medium and resin. 

The Polymer has been found particularly effective as a RM in coating 
formulations which contain basic groups such as those present on coated pigments, 
30 certain resins which form an integral part of paint films and dispersants which are 
present to stabilise the particulate solW in finely divWed form in the non-aqueous 
medium. 

The Polymer may thus be used as RM to inhibit sag in coating 
fonnulations containing th resin and non-aqueous medium. 



25 
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The Polymer has been found particularly effective in coating formulations 
comprising a particulate solid and a non-aqueous medium wherein the particulate solid 
is dispersed in the organic medium by a dispersant comprising a poly (C„- 
aikyleneimine) carrying at least two mono- or poly-(carbonyl-C.^aMeneoxy) chains. 
5 Such dispersants are disclosed in EP 208.041 . 

According to a further aspect of the invention there is provided a 

composition comprising 

a) the Polymer; and 

b) a dispersant comprising a poly(C,.-alkyleneimine) carrying at least two monc^ or poly 

10 (carbonyl-Ci.7-alkyleneoxy) chains. 

Each alkylene group of the dispersant in the carbonyl-C^ralMeneoxy 
group hereinafter referred to as the "CAO group", or the poly(carbonyl-C,^alkyleneoxy) 
chain hereinafter referred to as the "PCAO chain", preferably contains from 3 to 6 
carbon atoms. An especially preferred alkylene group is pentamethylene wherein the 

15 CAO group is 5-oxypentamethylene-1-carbonyl hereinafter referred to as "OPMC ) 
derivable from e-caprolactone. The PCAO chain may contain a mixture of alkylene 
groups of drfferent length but is preferably a homopolymer. especially of OPMC. The 
PCAO chain or the CAO group may carry a chain-stopping temiinal group at the free 
end such as optionally substrtuted alkyl, e.g. alkyl. alkoxyalkyl or haloalkyl. where the 

20 absence of a tenT,inal hydroxy group prevents fonnation or further growth of the PCAO 
chain. The PCAO chain preferably contains from 2 to 100. and more preferably from 3 

to 80. CAO groups. 

Each CAO group or PCAO chain is attached to the polyCC^^-alkylene 

imine). hereinafter referred to as "PAl". through a covalent "amide" link. 



25 



30 



O 
II 

0— N 



between a terminal carbonyl group of the CAO or PCAO chain and a primary or 
secondary amino group in the PAl. or through an ionic "sar link. 



O 



c-0- Jp- 
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between a t rminal carboxylate group of th CAO group or th PCAO chair, ar,d 
substituted ammonium ion in the PAI. Because the dispersant contains at least two 
CAO groups or PCAO chains it may contain a mixture of amide and saK linlts depending 
upon the severity of the conditions under which it is prepared. 

The dispersant may contain more than two CAO groups or PCAO chains 
and preferably contains from 4 to 2000. more preferably from 4 to 1000 of these. 

The PAI is preferably a poly(ethyleneimine). hereinafter referred to as 
"PEI" which may be branched or straight-chained. A preferred dispersant comprises 
PEI carrying at least two CAO groups or PCAO chains attached thereto by amide and/or 
salt links. The PAI preferably has a weight-average molecular weight from 500 to 
600.000 and more preferably from 1.000 to 200.000. 

The dispersant is derivable from a PAI and a CAO acid or a PCAO acid, 
i e a compound of the formula. H(0-C^ralkylene-CO)„ OH in which n is from 1 to 100. 
or a cyclic precursor thereof, such as a lactone. The length of the PCAO chain in the 
PCAO acid may be controlled by the presence of a cartDOxylic acid free from hydroxy 
groups, in the preparative process, to act as a chain stopper. Where the dispersant 
carries PCAO chains formed by the polymerisation of a carbonylalkyleneoxy monomer in 
the presence of the PAI. there is less need for a chain stopper, because the PCAO 
chain grows on the PAI and cannot react together by hydroxy groups. The dispersant 
may be derived from a PAI having at least two primary, secondary or tertiary amino 
groups and CAO or PCAO acid, in which case reaction between a p-. s- or t-amino 
group in the PAI and a tem^inal carboxyl group on the CAO or PCAO forms an amide or 
salt link. If the PAI contains a t-amino group salt links only are possible othenwise salt 
and/or amide links are formed depending on the reaction conditions. 

Each CAO group is preferably terminated by a group which is free from 
OH/NHj groups, such as alkanecarbonyl. Temiination is conveniently effected by 
reaction of the CAO acid, or precursor, with a carboxylic acid which is free from hydroxy 
or amino groups, e.g. an alkane- or an alkoxy-alkanecarboxylic acid, such as caproic 
acid, lauric acid, stearic add. methoxyacetic acid and especially by such an acid 

30 containing twelve or more carbon atoms. 

The Polymer has been found especially effective where the dispersant is 
obtainabi by reacting together e -caprolactone. polyethylene imine having a MW of 
about 20.000 and lauric acid. 
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The P lymer has also been found particularly effectiv in compositions 
containing a dispersant which is the reaction product of a PAI and a po^rester having a 

free carboxylic acid group. 

According to a still further aspect of the invention there is provided a 

5 composition comprising 

a) the Polymer; and ^x,«„o 
a dispersan. which .he reacUoh product of a PA, a-d a pob,es« denved from a 

hydroxycarboxylic acid of formula 2 

HO— X— COOH 2 

10 

X is a divalent saturated or unsaturated aliphatic group containing at least 
8 carbon atoms and in which there are at least 4 carbon atoms between the hydroxy 
and carboxylic add groups, or from a mixture of such hydroxycarboxylic acid and a 
15 carboxylic acid which is free from hydroxy groups. 

The group X is preferably an alkylene or alkenylene group and preferably 
contains not greater than 30 carbon atoms, and especial^ not greater than 20 carbon 
atoms Examples of suitable hydroxycarboxylic adds of formula 2 are 12-hydroxysteanc 
add ricinoleic add. 12-hydroxydecanoic add and 6-hydroxycapro.c acd. 

The polyester is preferably reacted with PAI in a weight ratio between 1:1 
and 50.1. and more preferably between 2:1 and 20:1. 

The preferred PAI is PEI as defined hereinbefore. 
The reaction product of the hydroxylic add and the PAI is a salt or an 
amide depending on the sever^ of the reaction cond'^ons employed. The saU and/or 
amide may be partial^ neutralised with an acid, especially a mineral add or may be 
alkylated, the alkyl group added being optionally substituted, by reaction with an alkyl 
sulphate such as dimethylsulphate. whereupon a saH is also formed. 

The preparation of the reaction product of the hydroxycarboxylic acd and 

PAI is described in GB 2.001 ,083. 

A particularly useful dispersing agent is the reaction product obtainabte 
from approximately 3.3 weight equivalents of poly (12-hydroxystearic add) and 1 weight 
equival nt of PEI wrth an average MW of about 20.000. 

The Polymer has also been found surprisingly ff ctiv when us d in 
conjunction with a dispersant d rived from a hydroxycarboxylic add and whid> is 



20 



25 



30 



35 anionic. 
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Thus, according to a still furth r aspect of the invention th re is provided 
a composition comprising. 

a) the Polymer; and 

b) a dispersant of the fonnula 3 or 4; 

5 

[A^— CO— (O-B-CO)plj^D— LqM 3 

M L— [(0-B-CO)p-X-D\ ^ 

10 wherein . ^ j u 

A' is H. a hydrocarbon group or a hydrocarbon group substituted by a 

group selected from halogen, hydroxy, amino, alkoxy; 

B is a divalent hydrocarbon group; 

p Is from 1 to 100; 
15 k is lor 2; 

D is a polyvalent linking group; 

L is a phosphate, phosphonate. sulphate, sulphonate or 
methylenecarboxylate provided that the methylene group is not attached to a carbon 
atom of an unsubstituted hydrocarbon chain containing tv«> or more carbon atoms; 

20 q is 1 or 2; 

M is a cation; 

is an aliphatic or alicydic group; 

X is O. S or NR; and 

R is H, alkyl. alkenyl. cydoalkyl or phenyl. 

It is preferred that, when m is 1. A^ and contain at least 6 carbon 
atoms and the dispersant contains at least 12 carbon atoms. 

A^ is preferably the residue (A'-CO-) of an esterifiable carboxylic acd of 
the fomiula A^COOH. in which A^ is H. a hydrocarbon or A' is preferably an alkyl. 
alkenyl. cydoalkyl or polycycloalkyi group containing up to 50. more preferably up to 35. 
30 carbon atoms. 

D is preferably a di- or tri-valent. bridging group linking the acid group to 
th ster diain. A WO-B^O),-, especially a group whid, is a bridging group of the 
fonr^ula -X-G-Y- wh r in X is O. S or NR and Y is O. NR or a dired link, in which ead, 
R independ ntly is as defined hereinbefor or. where X and Y ar both NR. th two 
35 groups. R. may fom, a singi alkylene or alkenylene group linking the two nrtrogen 
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j^le este, or «o o, more ester cha« to a siagte acid group. ^ »" ^ 
r-ened «. aa ma -add group-, has no,, man valencv « ma, be 
5 to two or more esters througH tvm bridging groups. 

D' is prelerabV the residue of an alcohol, a thiol or a primary or 
secondary amine, D'-XH, in which D' is an aliphatic or aUcydio group of simibr 
r: J.0 V, and X . O. S or in w^ch R . H. a.,,. *en,i. c^-^^T 
■„ ^ the a*,i and a^en,. groups c^ln up to 20 carbon «oms '^J^^ 
,0 groups from 4 to 8 carbon atoms. Wh«e the add group L has more than one vaienc, 

mav be linked to two polyester chains. 

The distent h,drocarbcn group repraseot^i b, B. which is preferabi, an 

opbonali, substibited alM. a»»n»l. oirdoalM or po^rcdoali^l group, preferably 
^ntams up to 50, more preferabi, *om 3 to 24 carbon atoms, w«h at ^st 3 carbon 

15 atoms directly between the -O- and -CO- groups. 

optional substibrents fo, A', D' and B indude halo, especially *lorn. 

hydroxy, amino and alkoxy. 

H is preferred ma. p Is from 2 to 75, more preferabi, 3 to 30, so that me 

dlspersan. is an olig. or poly^r. V*ere p=, » is preferred mat the dispersan. 

20 contains at least 20 carbon atoms. ^„h n - 1 

The acid group L is preferably a sulphonate or phosphonate and q - 1 . 
one preferred dispersant of formula 3 is where A' is H or a hydrocarbon 

group: p is 3 to 21; K is 1; q is 1. D is O. NH or a divalent linking group; and B .s a 

group of the formula : 



25 



30 



:— (B2)n- 
H 



wherein 



is hydrogen or a monovalent C, ^-hydrocarbon group; 
is a divalent C,^-hydrocarbon group: and 
n is zero or 1 . 
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formula 5: 



A second preferred dispersant of formula 3 has the 



[A^ — CO-(O-B^-CO) -D^— L 



M 



25 



30 



wherein 

is selected from alkylene. alkenylene. cycloalkylene. polycycloalkylene 

and halo derivatives thereof; 

is a bridging group of the fomiula -X-G-Y- virtierein X is O. S or NR 

and Y is O. NR or a direct link, in virtiich each R independently is as hereinbefore 
defined or. v^here X and Y are both NR. the two groups. R. may fonn a single alkylene 
or alkenylene group linking the two nitrogen atoms to which they are attached, and G .s 
alkylene, alkenylene, cycloalkylene or arylene; 

L is phosphonate, sulphonate or methylenecarboxylate. provided that the 
methylene radical of the methylenecarboxylate group is not directly attached to a carbon 
atom of an unsubstrtuted hydrocarbon chain containing two or more carbon atoms; 

M is a cation; 

k is 1 or 2; and 

A^ and p are as defined hereinbefore. 

A third prefsnred dispersant of formula 4 has the 



20 formula 6: 



wherein 



p^X— (CO-B'-O)plj^ M 
is an aliphatic or alicyclic group and B^L.M.X.p and k are as defined 



35 



hereinbefore. 

The aliphatic or alicyclic group represented by D' is preferably an 
optionally substituted alkyl. alkenyl, cycloalkyi or polycycloalkyi group containing up to 35 
carbon atoms, the optional substituents being preferably selected from halogen, tertiary 

amino and alkoxy. 

The alkylene. alkenylene. cycloalkylene and polycycloalkylene groups 

represented by B' preferably contain from 3 to 35 carbon atoms, more preferably from 5 
to 20 carbon atoms, with at least 3 and more preferably at least 5 carbon atoms 
betwe n the -O- and -CO- groups, and ar preferably unsubstituted. 

Th alkylene and alk nylen groups repres nted by G pref rably contain 
up to 10 carbon atoms and more preferably from 2 to 6 carbon atoms. Th 
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c^,«,«,e group «p«. n«d b, G prefe«b^ covins 4 ,o 8 carbon «o,ns and 

is 1,4^^«y^"e. ^ ..Vien. „».P repre»,.o<. b, G ^ pra.erab«, 
monocyclic and especially 1.4-phenytene. 

The alky! and alkenyl groups represented by R may contain up to 25 
carbon atoms and preferably contain up to 5 carbon atoms. Where two groups. R. form 
a single group this preferably contains up to 10 carbon atoms. 

In the compound of Formula 5 in which Y is O the acid group. L. .s 
attached to the group G through an oxygen atom so that phosphonate and O fom, 
Tolphate and sulphonate and O form sulphate. Similarly, where Y is NR. phosphonate 
and NR form phosphorimide and sulphonate and NR form sulphonamrie. 

The cation represented by M is preferably H^ a metal ion. an ammon.um 
ion or a substituted ammonium ion and examples of suitable cations are Na^ K . Ca . 

NH/, N(CH3)4* and NHCCHjjj*. 

Specific examples of the bridging group represented by are -NHC^.-. 
OC^.. -OC^A. OC^.NH.. -NH(CHJ^H-. wherein n is from 2 to 5. piperaz.n-1 .4- 

ylene and phen-1 .4-ylene-diamino. . . , r h rr H ^ - 

Examples of the groups represented by V are methyi.ethyl. CH3(CH^, . 
CH3(CH,„-. CH3(CH,.-. CH3(CH,„-. HO(CH,.. CH3(CH,^H=CH(CH,.. CH3W.- 

CH3(CH3)sCH(OH)(CH^,o-. CH3(CH^.CH=CHCH,CH=CH(CH J^. 
CH3(CH,iH(OH)CH.CH=CH(CH,. and CH3OCH,- and the residue of ab.et.c acd ..e. 
the radical derived from abietic add by removal of the carboxyl group. 

Examples of the group represented by are methyl, ethyl. CH3(CH^e-. 

ChIqCH... CH3(CH^.CH=CHCH^H=CH(CH^r and the resUiue of ab.etyl alcohol. ..e. 
5 the radical derived from abietyl alcohol by removal of the OH group. 

Examples of the group represented by B and are : 




-CH-(CH^B- -CH-(CH^,- -CH-CHaCH=CH(CH^. 
1CH2)7 PH2)8 (CH2)5 

CH3 CH3 CH3 



and 



•(CH2)5- 
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Examples of the groups repr sented by are H. CeH^. and C,H„ 
and by are -CH-(CH^.-. -CH-(CH^s-. -CH-(CHJr. and -CH^H^H=CH(CH^r. 

Dispersants of general formula 3 are disclosed in EP 164.817. As 
disclosed hereinbefore, the polymer of formula 1 can be used as an RM in non-aqueous 
5 compositions. 

According to a still further aspect of the invention there is provKled the 
use of the Polymer as an RM in non-aqueous formulations. 

The Polymer is preferably at least 0.01% and more, preferably at least 
0 05% weight of the composition. It is preferably less than 5%. more preferably less 
10 than 2% and especially less than 1% by weight of the composftion. Useful effects have 
been obtained with 0.3 to 0.5% by weight of the composition. 

The invention is further illustrated by the following examples wherein all 
parts are by weight unless indicated to the contrary. 

A 25% aqueous solution of polyacrylic acid (400 parts. MW of 75.000 as 
Versicol E9 ex Allied Colloids PLC. Bradford. UK) was charged to a split reaction flask 
equipped with a Dean and Stark water separator. The flask was purged wHh nitrogen 
and 1-octanol (100 parts, ex Fisons) added. The reactants were stirred under a nitrogen 

20 blanket and heated externally in an oil bath at 1 BO'C. 300 ml water was removed 

during 1 hour when the temperature of the reaction mass increased from 100 to about 
165-C Tetrabutyltitanate (1 part, ex Aldrich) was then added as catalyst and heating 
continued for a further 8 hours at IBO'C at the end of which period no further water was 
removed. On cooling, the product was obtained as a yellow waxy solid having an acid 

25 value of 161.2 mg KOH/g. Approximately 50% of the acid groups had been converted 
to ester groups. This is RM 1 . 

^^'^"""'^^ Example 1 was repeated except that the 1-octanol was replaced with the 
30 equivalent molar amount of 1-decanol. As with example 1 . about 50% of the acid 
groups had been converted to ester groups. This is RM 2. 

FxamplB 3 

A 25% aqueous solution of polyacrylic acid (40 parts. MW 75.000. 
35 versicol E9 x Allied Colloids PLC. Bradford. UK) and 1-octylamin (10 parts, x 



I 
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fl»ek aauiDoed with a Dean and Stark water separator 
Aldrich) was added to a reaction flask equipped wiin a ,^ , , pn. 

w«ni,«f The reactants were heated externally to 180- 
and stirred under a nitrogen blanket. The reacianis w , ^ . H„„r« 

.mn„«ri «t 100'C and the reactants then stirred for a further 4 hours 
185*C. Water was removed at luu u ano um i«» 

at about 170*0. , ..^ 

The FT-IR spectrum exhibited an acid peak at 1720 cm"^ and an am.de 

' peak at 1670cm-^ indicating fonnation of the amide. Analysis showed that 50% of the 
acid groups had been converted to amide groups. 

The product was obtained as a pale yellow gum. 
Yield - 14.4 parts. This is RM 3. 

rBnmpInn 1 nnrt fi ""^ rnmnarative RM A 

Example 3 was repeated except that the charge of 

percen, conversion o, cboxylio acid groups ,o amid, groups was 40, 30 and 20* 
5 «sp«*-ol,. These ar. RM 4, RM 5 and compara.i« RM A respeOiveh. 

Example 3 was again ,«.ea»d except that me 1-oClamine was repiaced 
.»K me e,uiv.en, moia, amount o, d.ut,am,ne ,9 pa*. e, «dncn,. -^^J^ 
20 that about 50% o, .» add groups had t«en coasted to am«de groups. Th» ,s RM 

Example 1 was ,epe«ed except that the 1-oc.anol was replaced with the 
equivalent amount o, ,.dod=canol. Ab«. 50% of the ac« groups had heen converted 

25 to ester groups. This is RM 7. 

Example 1 was repeated except that the 1-octanol was repuced w* the 
equivalent amount o. 3.7.dime«„loc«nol. Again. anal,s,s showed that about 50% o. 
30 the add groups had been converted to ester groups. This » RM 8. 

A 25% aqueous solution o( po^racryHc add (40 parts: MW 30.000 as 
versicol E7 ex AKed Co«o.ds PLC. Bredtord. England, was d>arg«. to a reaction «asK 
35 Med With a Dean and Start, water s para«. The «asK was wtm nitrogen and 
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ctanol (10 parts) added. Th r actants wer then stirred und r nitrogen and heated 
externally to 170-C. After removal of the water formed during the reaction, tertiary butyl 
titanate (0.3 part) was added and the reactants stirred for a further 8 hrs at 170'C. The 
product was discharged whilst hot and had an FT-IR and acid value consistent with 
83.3% i.e. about 42% of the acid groups had been converted to ester groups. This is 
RM 9. 

Pyample 10 

Example 9 was repeated except that the polyacrylic acid MW 30.000 was 
replaced by the same weight of polyacrylic add having a MW of 250.000 (Versicol El 1). 
Analysis showed that 43% of the acid groups had been converted to ester groups. This 
is RM 10. 

E yamole 1 1 

A 25% aqueous solution of polymethacrylic acid (400 parts; Versicol K11). 
l-octanol (100 parts) and methane sulphonic acid (2.0 pars) were stirred under nitrogen 
in a reaction vessel equipped with a Dean and Start, water separator. The vessel was 
heated externally to 130'C. After the water formed during the reaction had been 
removed, the temperature was raised to IBO'C and maintained at IGO'C for 4 hours. 
Analysis showed that about 43% of the acid groups had been converted into ester 
groups. This is RM 1 1 . 



A millbase was prepared by milling the following ingredients on a Red 
25 Devil shaker for 30 minutes in a 40 gm sealed glass bottle. 

0.48 RM 
0.48 Oispersant 1 
4.77 Methoxy propyl acetate 
1 .59 Butanol 

3Q 12.91 Resin (Reichold Aropiaz 6755-A6-80) 

12.50 Glass beads (3mm diameter) 
31 .78 titanium dioxide 

This millbase was mixed with an qual w ight of a letdown having the 
following composition to give a white paint. 
35 2.49 methoxy propyl acetate 
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2.49 Butanol 

22.06 Resin (Reichhold Aropiaz 6755-AB-80) 
11.92 Hexamethoxymelhyl melamine (Beetle 370 ex BIP) 
0.3 Acid catalyst (Cycat 4040) 
0.06 silicone levelling agent (DOW 57) 
Dispersant 1 is obtainable by reacting e -caprolactone with 

Dolvethyleneimine and lauric acid. 

The sag of .he .esuKan. pam« wes assessed accordirg .o 

as™ D40C.89A ^ a Leneta Mu«lno«h App.ca.0, »he,eh, .he pain. «as app,»d .o 
a 4 ,„ch wide Leneta black and wh«e d-aw do«n «rd. Sag was assess*, on a scale 
U^^. U ^presents comp«e ahsence o, sag 3 «presen« .c*^ ^ o. 

the stripes. 

The results obtained are given in Table 1 below. 



wo 96/14344 



PCT/GB95/02433 



18 



10 



1 A polymer which is a polyacrylic acid or a poly(C,,-allcyi) acrylic acid 

wherBin at least 30% of the -COOH groups are converted to -COY groups 

wherein 
Y is -or' or -NR^'. 
r' is C4.,e-alkyl or cycloalkyi; and 

r2 and R' is each, independently, hydrogen, alkyi or cycloalkyi: or 
R^ and R' together with the nitrogen atom to which they are attached fom. a ring 
provided that the total number of carbon atoms represented by R^ and R' is from 4 to 



18. 



A polymer as claimed in claim 1 of formula 1 



15 



20 



25 



30 



■CH- 



•CH- 



COY 



n 



wherein 



each, independently, of the n groups represented by R is H or C^-alkyl; 
each, independently, of the n groups represented by Y is H. -OR' or -NR^ ; and 
n is from 200 to 25.000; 

provided that the percentage of groups in which Y is other than H is greater than 
30% of the total number of groups represented by Y. 

3. A polymer as claimed in claim 2 wherein n is from 800 to 2000. 

4 A polymer as claimed in any one of claims 1 to 3 wherein R is H. 



5. 



A polymer as claimed in any one of claims 1 to 4 wherein Y is OR". 



6 A process for making a polym r as claimed in any on of daims 1 to 5 

35 whk:h comprises reacting a polyacrylic add with R'-OH and/or NHR^'- 
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A fonumo. comphsing a - daimed In an, o« o. d^m, 1 to 

S. a resin and a non-aqueous medium. 
, , A fennulason comprtsin, a polymer as daimed ,n an, one 0. daims , .o 

5. a resin, a padiculatt solid and a non-aqueous medium 

Q A composition comprising 

a> a pol,mer as daimod in an, one of daims 1 to 5; and 



10 



mono- or pol,-(carbon,M:,.rall<ylenaox,) 



. composi^on accordinq .o daim 9 wherein componan. P, is oP^inaP^ 
.adinq .oqe.». . -caprdadone, po.e,.,.ne^ne nav^ a «W o, aPou. 20.000 
15 and lauric acid. 

. . A composition comprising 

ai a polymer as claimed in any one of claims 1 to 5: and 

a d^persant w.ich is tHe reaction product of a po.ya,Kyleneim.ne and 
20 a polyester derived from a hydroxycarboxylic acid of formula 2 

HO— X— COOH 2 



wherein 



25 



30 



35 



a *a^ sa-uraled o, unsatu,^ ^ '^'^ " ['^ 

Js a": wHich ^e are a. ^ . carp. a.on« 
ca,Po«,«c acid qroups. or *om a mbrmre of aud, l„drox,ca,box„iC acd 
carPoxylic add whid, is free from h,drox, qroups. 

A compo*.n as d.med in da»n 11 «He.ein compor«n. P, . oPUi^Ne 
i^Lh 3 3 weighl equivalents of pol,(12-h,d,ox,steanc acid) and 1 
p, reading approximatel, 3.3 werqra eq .,,„„,„ 

JLq« equ^alen. of poi,(etP,^«-) «-»• > "'^ 

no A composition comprising 

a) a polym r as claimed in any on of claims 1 to 5; and 

b) a dispersant of th formula 3 or 4; 
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lA'— CO— (0-B-CO)p]jj— D— LqM 
M L— 1{0-B-C0)p X-d']|^ 



wherein 



A' is H. a hydrocarbon group or a hydrocarbon group substituted by a 
group selected from halogen, hydroxy, amino, alkoxy: 

B is a divalent hydrocarbon group; 
p is from 1 to 100; 
kis 1 or 2; 

D is a polyvalent linking group; 

L is a phosphate, phosphonate. sulphate, sulphonate or 
n^thylenecarboxylate provided that the methylene group is not attached to a carbon 
atom of an unsubstituted hydrocarbon chain containing two or more carbon atoms; 

q is 1 or 2; 

M is a cation; 

is an aliphatic or alicyclic group; 

X is O, S or NR; and 

R is H, alkyl. alkenyl cycloalkyi or phenyl. 

14. The use of a polymer as claimed in any one of claims 1 to 5 as a 

rtieology modifier in a non-aqueous formulation. 



INTERNATIONAL SEARCH REPORT 



IMcnuo' - Appucmoo No 

PCT/Gw 95/02433 



IPC 6 C08F 



ncuibcd m the &cMt 



(junnf IM iirtcmauon*! 



(Mine oid»Utose and, where pncbcat. 



^^,>^PMT^ r ONSIDERKP TO BI-: RKUKVANT 

FR A 2 279 781 (A.E. STALEY MANUFACTURING 
COMPANY) 20 February 1976 
see claims 1-13 

GB A 2 185 259 (SOCIETE NATIONALE ELF 
AQUITAINE) 15 July 1987 
see claims 1-15 

WO A 92 07553 (K.U. LEUVEN RESEARCH & 
DEVELOPMENT) 14 May 1992 
see claims 1-8 

EP,A,0 583 086 (ROHM AND HAAS COMPANY) 16 
February 1994 
see claims 1-10 



actcvant u» claim No. 




Further aoamwm »e 



lined m ibe eonnnuatton of box C- 



P«oii fanaiy meirtben are ttstetf *» 



Spcoal caKfones ol oied docuaaw : 
-A- doe«nemdeto»«*«tc«»*«««<^ 

fiiifttdiic 



01 



I (ai ipcaM) 

- ■ - - — iinrlnnirf use. cxhibioon or 



•a- -««itt«ibli*eilpnortotheimef^^ 
lr^ih«ft'tfa« oncnty dtf* daunc<t 

Dalaoltbeaewalc«»,|M»o«<»''^"*^^ 



•X- doewneni ol P«tia*ar f^J^f^v^!. 

mvotvcaniiwcwivc«tpwncnww— ^ ..mmih 

etf»oC be omiibeied to injihw « 

gSrScfa uimainitwm ttcmi otmou* «* • ' 
m Uie an. 



27 December 1995 



NamaM^ 



mailintaddrmolUiclSA 

EuTOiaan PawHOITiee, P.B. 5»ll P«tmUan 2 
NL • 32S0 HV HiiMitk 
Td. < OI-70) UO-VM. Tx. 31 Ml cpo rt, 
Fix 31-^ 340-3016 



AuUtontcd oCficcr 



Permentier, W 



page 1 of 2 



INTEltNATIONAL SEARCH REPORT 



DOCUMENTS CO^alDE^EP TO BE RELEVANT 



PCT/Uu 95/02433 



OltMB of 



FR,A.2 693 202 (SOCIETE FRANCAISE HOECHST) 

7 January 199* ^ ^ . 
cited in the appncation 
see claims 1-7 

GB,A,2 001 083 (ICI) 24 January 1979 
cited in the application 
see claims 1-19 

GB»A.l 510 190 (ICI AUSTRALIA LTD.) 10 May 
1978* 

see claims W 



RdoamwciaimNo. 



1.11,12 



1 



»,« per/www «—*■•« *^ 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



laianau<r ' ^pptietton No 

PCT/U^ 95/02433 



PlICOl &0 


Minsni 




Patent hmity 


PtttabmtQo 


cneo tn 9w 


ch report 






dttt 



FR-A-2279781 



20-02-76 



BE-A- 
NL-A- 
US-A- 



817921 
7409827 
3825514 



22- 01-75 
21-01-76 

23- 07-74 



GB-A-2185259 15-07-87 



FR-A- 


2592885 


17-07-87 


CA-A- 


1298030 


24-03-92 


DE-A- 


3700518 


16-07-87 


OA-A- 


8459 


30-06-88 


SU-A- 


1766281 


30-09-92 


US-A- 


4870137 


26-09-89 



WO-A-9207553 14-05-92 
EP-A-583086 16-02-94 



NL-A- 


9002331 


18-05-92 


NL-A- 


9002336 


18-05-92 


AU-B- 


8852391 


26-05-92 


AU-B- 


4212793 


28-04-94 


CA-A- 


2101450 


07-02-94 


CN-A- 


1083844 


16-03-94 


CZ-A- 


9301592 


16-03-94 


FI-A- 


933473 


07-02-94 


HU-A- 


66516 


28-12-94 


JP-A- 


6184285 


05-07-94 


NZ-A- 


248215 


26-09-95 


ZA-A- 


9305397 


07-02-94 



FR-A-2693202 07-01-94 
GB-A-2001083 24-01-79 



DE-A- 


4322128 


13-01-94 


GB-A,B 


2269178 


02-02-94 


AU-B- 


518818 


22-10-81 


AU-B- 


3780278 


10-01-80 


BE-A- 


868890 


10-01-79 


CA-A- 


1117689 


02-02-82 


CH-A- 


640150 


30-12-83 


DE-A- 


2830860 


01-02-79 


FR-A,B 


2397226 


09-02-79 


JP-C- 


1570685 


25-07-90 


JP-A- 


54037082 


19-03-79 


JP-B- 


63030057 


16-06-88 


NL-A- 


7807584 


17-01-79 


US-A- 


4224212 


23-09-80 



Hm fCtmMM i$mm\ Imit mmmi ii»tt liP) 



page 1 of 2 



DffERNATIONAL SEARCH REPORT 



